Background: Many studies showed that long non-coding RNA MALAT1 is served as an oncogene. However, the specific role of MALAT1 in gastric cancer is not fully elucidated. The aim of this study is to elucidate the regulatory effects of MALAT1 on tumor development and cisplatin resistance in gastric cancer. Methods: TCGA database was applied to investigate the expression levels of MALAT1 in GC tissues and normal gastric tissues and its correlation with GC patients' survival. Univariate and multivariate analysis were performed to investigate whether MALAT1 expression is an independent risk for overall survival of gastric cancer patients. The expression of MALAT1 was detected by Quantitative real-time PCR. After knockdown or overexpression of MALAT1, the cellular functions of GC cells were detected by cell-proliferation, flow cytometry, transwell assay and colony formation assays, respectively. Western blot analysis was performed to detect the protein levels of Bcl-2 and key genes in the PI3K/AKT pathway in GC cells. Finally, CCK-8 assay was performed to explore the effect of MALAT1 on cisplatin resistance of GC cells. Results: Higher expression of MALAT1 was detected in GC tissues than that of adjacent normal tissues, high MALAT1 expression is an independent risk for overall survival of gastric cancer patients. Knockdown of MALAT1 inhibited proliferation, migration and invasion of GC cells, while overexpression of MALAT1 Overexpression of MALAT1 yielded opposite results. Western blot results showed that protein expressions of p-PI3K, p-AKT and p-STAT3 were downregulated after MALAT1 knockdown in GC cells, while these proteins were upregulated after MALAT1 overexpression. Additionally, the IC 50 in MGC803/CDDP cells transfected with si-MALAT1 was lower than in those transfected with si-NC. The apoptotic rate in MGC803 cells transfected with pcDNA-MALAT1 was remarkably lower than those transfected with NC. Conclusion: We demonstrated that MALAT1 is highly expressed in GC, high MALAT1 expression is an independent risk factor for OS among GC patients. Moreover, MALAT1 promotes malignant progression of GC and contributes to cisplatin resistance of GC cells, indicating MALAT1 may serve as a biological hallmark for predicting the prognosis of GC.
Introduction
Gastric cancer (GC) is one of the most commonly diagnosed cancer worldwide which has led to tremendous burdens throughout the world especially in China. [1] [2] [3] Despite the implementation of perioperative chemotherapy and radiotherapy, the prognosis of GC patients still remains poor. 4, 5 The comprehensive understanding of the molecular mechanism of GC contributes to develop effective therapeutic approaches and to improve the clinical outcomes of GC patients. Currently, surgical resection and chemotherapy are the preferred options for treating GC, which can greatly prevent recurrence and metastasis of GC. 6, 7 Besides, platinum is recommended by the main clinical practice guidelines for postoperative GC patient's chemotherapy treatment. However, chemotherapy resistance is the main cause of chemotherapy failure, remarkably limiting its clinical application. It is believed that GC is the result of genetic and environmental factors. Alterations in certain oncogenes and tumor-suppressor genes finally lead to disordered cell proliferation, migration and invasion. 8, 9 Long non-coding RNAs (lncRNAs), RNA molecules longer than 200 nucleotides, have an important role in gene regulation and cell function. 10 Major attention was attracted to long noncoding RNAs, thanks to its vital role involved in many molecular events, which usually contribute to the cancer progression. Accumulating evidences have shown that lncRNAs are closely associate with the occurrence and progression of malignancies and tumor drug resistance, which are served as tumor hallmarks. [11] [12] [13] For instance, lncRNA metastasis-associated lung adenocarcinoma transcript 1(MALAT1) has been reported to promote proliferation and metastasis in epithelial ovarian cancer, 14 hepatocellular carcinoma 15 and colorectal cancer. 16 Through literature review, we concluded that MALAT1 is involved in regulating proliferation, apoptosis, differentiation and metastasis of tumor cells. [14] [15] [16] The specific role of MALAT1 in GC still needs to be further investigated.
In this study, we showed that MALAT1 is highly expressed in GC. Besides, high MALAT1 expression is an independent risk factor for OS among GC patients. Moreover, MALAT1 promotes malignant progression of GC and contributes to cisplatin resistance of GC cells, which indicating that MALAT1 may serve as a biological hallmark for predicting the prognosis of GC.
Materials and Methods

TCGA Database Analysis
GC gene expression data (mRNA, normalized RNAseqV2 RSEM) was download from TCGA database, containing 30 normal gastric samples and 343 gastric cancer samples. Kaplan-Meier Plotter online (http://kmplot.com/analysis/) was used to analyze the correlation between the MALAT1 expression with overall survival (OS) of GC.
Patient Samples
A total of 30 pairs of gastric cancer tissues and paired nontumor tissues were collected at Ruijin Hospital, Shanghai Jiao Tong University School of Medicine from 2018 to 2019. The study was approved by the Human Research Ethics Committee of Ruijin Hospital, Shanghai Jiaotong University School of Medicine and all patients provided written informed consent. Tissue samples were snap-frozen in liquid nitrogen and stored at −80°C until use. All the trials were conducted in accordance with the Declaration of Helsinki.
Cell Culture
The human GC cell lines MKN45, MKN28, MGC-803, HGC-27, NCI-N87, AGS and GES-1 were purchased from American Type Culture Collection (ATCC). Cisplatinresistance MGC803 cells (MGC803/CDDP) were obtained from Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences. Cells were cultured in RPMI 1640 medium (Gibco, BRL, San Francisco, CA, USA) supplemented with 5μg/mL penicillin/streptomycin and 10% fetal bovine serum (Invitrogen, Carlsbad, CA, USA) in a humidified incubator at 37°C with 5% CO 2 .
Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted with TRIzol reagent (Invitrogen, Austin, TX, USA), and real-time PCR analysis was conducted according to the manufacturer's instructions (Life Technologies, USA). The mRNA level was measured using the SYBR Green PCR Master Mix (Applied Biosystems, Waltham, MA, USA) and normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH). The primer sequences used are listed in Table 1 .
RNA Interference and Plasmid
Small interfering RNAs (siRNAs) that specifically target human MALAT1 were purchased from Ribobio 
Cell-Proliferation and Cell Cycle Analysis
Cell viability was measured using Cell Counting Kit-8 (Dojindo, Japan). Cell cycle was analyzed by flow cytometry on a FACScan (Beckman Instruments, Fullerton, CA, USA). The cell proliferation assays and cell cycle analysis were performed as described previously. 17 
Cell Counting Kit-8 (CCK-8) Assay
Transfected GC cells in logarithmic growth phase were collected and seeded in 96-well plates at a density of 3×10 4 /well. After cell culture for 24 h, 100 μL of cisplatin (Selleck, Houston, USA) with different concentrations of 0, 1, 2, 4, 8, 16, 32, 64, 128 and 256 µM were added to each well, respectively. The blank wells were set up for calibration. There were 6 replicates for each group. After incubation for another 24 h, a total of 10 µL of CCK-8 (Dojindo, Kumamoto, Japan) reagent were added to the wells and the cells were allowed for 2 h of reaction, OD value was measured at 450 nm by spectrophotometry (BioTek, Vermont, USA). The IC50 was finally calculated.
Flow Cytometry Analysis of Cell Apoptosis
Transfected GC cells were treated with 10 µM cisplatin. After 24 hrs of culture, both attached and the floating cells were harvested, washed twice with ice-cold PBS, and suspended in 100 µL binding buffer. The cells were stained with 3 µL Annexin V-FITC and 5 µL propidium-iodide (PI) and incubated at room temperature for 15 min in the dark. Finally, 300 µL 1× binding buffer was added to each sample of cells. Apoptosis was analyzed by flow cytometry using the FACSCalibur system (BD Biosciences, USA).
Transwell Assay
Cell migration and invasion assays were conducted in 24well plates with 8-mm Transwell inserts (Corning Life Science, Acton, MA, USA). For the migration assays, GC cells were suspended in 200 mL serum-free RPMI 1640 medium (4 x10 4 cells) and were cultured in the upper chamber. Fetal bovine serum-conditioned medium (10%) (700 mL) was added to the lower chambers of the 24-well plates. For the invasion assays, the inserts were coated with Matrigel (50 mL/well) (BD Biosciences) before the addition of GC cells. After 24 h of culture, GC cells that remained on the upper side of the inserts were removed with cotton swabs. GC cells that had migrated to the lower side of the inserts were fixed in methanol and stained with 0.5% crystal violet for 20 min. Migrated cells were photographed using Nikon Digital Sight DS-U2 (Nikon, Tokyo, Japan) and Olympus BX50 microscopes (Olympus Optical Co. Ltd., Tokyo, Japan). Six visual fields were randomly selected to calculate the number of cells that had migrated.
Colony Formation Assays
Cells were plated in six-well culture dishes (BD) at a density of 300 cells/well. Two weeks later, Cells were stained with crystal violet on the plates and counted. Experiments were repeated three times.
Western Blot
Cells were lysed in RIPA buffer containing complete protease and phosphatase inhibitor cocktail (Sigma, USA). The protein concentration of the cell lysates was quantified by a BCA Protein Assay Kit (Pierce, Rockford). The same amount of protein samples was resolved onto 10% SDS-PAGE and then transferred onto PVDF membranes. After blocking with 5% non-fat milk at 37°C for 2 hours, the membranes were incubated in the primary antibodies diluted by TBST buffer at 4°C for overnight, following by incubation with the HRPconjugated secondary antibody for 2 hrs at room temperature.
GAPDH antibody was used to verify equal protein loading. The protein bands images were captured and analyzed by a Tanon detection system with ECL reagent (Thermo) and the antigen-antibody reaction was visualized by enhanced chemiluminescence (ECL, Thermo, USA). The antibodies used in this study were obtained from Cell Signaling Technology.
Statistical Methods
Student's t-test or one-way ANOVA was used for statistical analysis when appropriate. All statistical analyses were performed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). A two-tailed value of P<0.05 was considered statistically significant.
Results
MALAT1 Is Highly Expressed in GC Tissues and Cell Lines and Correlates with Poor Survival
To testify the biological functions of MALAT1 in GC progression, we investigated the expression levels of MALAT1 in GC tissues using TCGA database and found MALAT1 significantly overexpressed in GC tissues compared to adjacent normal tissues ( Figure 1A) . To confirm this result, we detected the expression level of MALAT1 in 30 pairs of GC tissues and adjacent normal tissues by qRT-PCR. The results showed higher expression of MALAT1 in GC tissues than that of adjacent normal tissues ( Figure 1B) . Similarly, MALAT1 was highly expressed in GC cell lines compared with that of GES-1 ( Figure 1C) . Besides, the expression levels of MALAT1 in GC tissues significantly correlated with the poor survival of GC patients (p<0.001, Figure 1D ), indicating MALAT1 might participate in the development of GC.
High MALAT1 Expression Is an Independent Risk Factor for OS Among GC Patients
To investigate whether high MALAT1 expression is an independent risk for OS of GC patients, we performed univariate and multivariate analysis. Univariate and multivariate Cox analyses showed that MALAT1 expression was an independent risk factor for OS among GC patients (HR = 1.26, 95% CI: 1.06-1.51, P = 0.010, Table 2 ). Besides, Kaplan-Meier results indicated that higher expression of MALAT1 is significantly associated with poor prognosis of GC patients (p<0.001, Figure 1D ). These results suggested that MALAT1 may serve as a biological hallmark for predicting the prognosis of GC. 
MALAT1 Promotes GC Cell Migration and Invasion
To explore the biological function of MALAT1 with respect to the migration and invasion in GC, we established MALAT1 knockdown cells, MGC803/siMALAT1 and HGC27/siMALAT1 cells, by transfecting MALAT1 siRNA into MGC803 and HGC27 cells. The efficiency of si-UCA1 was validated by qRT-PCR (Figure 2A ). We also established MALAT1 overexpression cells, MGC803/MALAT1 and HGC27/MALAT1 cells, via the transfection of MGC803 and HGC27 cells with pcDNA-MALAT1. The overexpression efficiency of pcDNA-MALAT1 was confirmed by qRT-PCR ( Figure 2B ). To explore the effect of MALAT1 on the migration and invasion ability of GC cells, transwell assays were performed. The knockdown of MALAT1 significantly decreased the migration and invasion ability of MGC803 and HGC27 cells ( Figure 2C ). In contrast, the overexpression of MALAT1 remarkably increased the migration and invasion ability of MGC803 and HGC27 cells ( Figure 2D ). Taken together, these results suggested that MALAT1 promotes the migration and invasion of GC cells.
Promotion of MALAT1 on GC Cell Proliferation and Cell Cycle
To detect the regulatory effect of MALAT1 on the proliferation of GC cells, we performed cell-proliferation assay. Cellproliferation assay showed that cell proliferation of MGC803/siMALAT1 and HGC27/siMALAT1 cells were significantly decreased ( Figure 3A and B) . However, MGC803/MALAT1 and HGC27/MALAT1 cells were notably increased growth and proliferation of GC cells compared with their control cells ( Figure 3C and D) . Consistent with cell-proliferation assay results, the number of cell colony formation was markedly increased in the MGC803/ MALAT1 and HGC/MALAT1 cells and fewer cell colony formation was detected in the MGC803/siMALAT1 and HGC27/siMALAT1 cells ( Figure S1 , *p<0.05). Given that upregulated MALAT1 increased the GC cell growth, we sought to determine its cell cycle progression via flow cytometric analysis. Knockdown of MALAT1 inhibits MGC803 and HGC27 cell cycle progression and the population of cells in the S phase was significantly decreased ( Figure 3E ). In contrast, increased S phase was detected in MGC803/ MALAT1 and HGC27/MALAT1 cells compared with that of control cells ( Figure 3F ). These results indicated that MALAT1 could promote GC proliferation and affect cycle progression by regulating G1/S transition.
MALAT1 Regulates PI3K/AKT Pathway
PI3K/AKT pathway has been confirmed to regulate cellular functions, including cell migration and invasion. 14, 18, 19 Therefore, we hypothesized whether MALAT1 contributes to GC development through PI3K/AKT pathway. Western blot analysis demonstrated that protein levels of p-PI3K, p-AKT and p-STAT3 were downregulated after MALAT1 knockdown in GC cells ( Figure 4A) . Besides, the protein expressions of p-PI3K, p-AKT and p-STAT3 were upregulated after MALAT1 overexpression in GC cells ( Figure 4B ), indicating MALAT1 may contribute to the migration and invasion in GC via PI3K/AKT pathway.
MALAT1 Contributes to Cisplatin Resistance in GC Cells
To further investigate the role of MALAT1 in cisplatin resistance of GC cells, we performed CCK-8 assay to detect cell viability with cisplatin treatment. The IC 50 in MGC803/ CDDP cells transfected with si-MALAT1 after cisplatin treatment was significantly decreased compared to that of control group ( Figure 5A ). On the contrary, the IC50 in MGC803 cells transfected with pcDNA-MALAT1 was higher than those transfected with NC ( Figure 5B ). The result showed that MALAT1 was associated with the cisplatin resistance of GC cells. Furthermore, flow cytometry was performed to detected cell apoptosis after GC cells treated with 10μM cisplatin. The apoptotic rate in MGC/ CDDP cells transfected with siMALAT1 was remarkably higher than those transfected with si-NC ( Figure 5C ). However, MGC803 cells transfected with pcDNA-MALAT1 demonstrated a lower apoptotic rate than those transfected with NC ( Figure 5C ). Western blot analysis showed that Bcl-2 was upregulated after MALAT1 overexpression; moreover, Bcl-2 was downregulated after knockdown of MALAT1 ( Figure 5D ). Hence, these results suggested that MALAT1 could promote the cisplatin resistance of GC cells.
Discussion
GC is one of the most common malignant tumor with a high morbidity. 1 Currently, platinum is recommended by the main clinical practice guidelines for postoperative GC patient's chemotherapy treatment; however, there is still a large part of patients benefitting little from it due to the chemoresistance, which requires for effective approaches to overcome the chemotherapy limitations. At present, besides surgical resection, chemotherapy is the major approach in treating GC patients, and it markedly decreases the incidence of postoperative recurrence and metastasis. 6, 7 It is noteworthy that chemotherapy resistance during the postoperative treatment remarkably restricts its clinical application. In recent years, many researches have shown that lncRNAs demonstrated their capacities in regulating drug resistance of tumor treatment. Lin Previous studies have proved the regulatory effects of lncRNAs on the occurrence and progression of tumors. 23, 24 Hu et al 23 reported that lncRNA-HGBC stabilized by HuR promotes gallbladder cancer progression by regulating miR-502-3p/SET/AKT axis. Yao et al 24 showed that JHDM1D-AS1 interacts with DHX15 to promote non-small-cell lung cancer growth and metastasis. In our study, we detected MALAT1 expression in GC tissues and adjacent normal tissues. The expression of MALAT1 in GC tissues significantly correlated with the poor survival of GC patients. Besides, high MALAT1 expression is an independent risk factor for OS among GC patients. Furthermore, in vitro experiments demonstrated the role of MALAT1 in regulating proliferation, migration and invasion of GC cells.
PI3K/AKT pathway is an important signaling pathway involved in tumorigenesis, which demonstrates its antiapoptotic effect mainly by affecting multiple effector molecules. 14, 18, 19 In this research, we found that the expression levels of p-PI3K, p-AKT and p-STAT3 were remarkably downregulated after MALAT1 knockdown in GC cells, while the protein levels of p-PI3K, p-AKT and p-STAT3 were significantly upregulated after MALAT1 overexpression in GC cells, indicating that MALAT1 contributes to proliferation and metastasis in GC via the PI3K/AKT pathway. Furthermore, we hypothesized the underlying role of MALAT1 in chemotherapy resistance of GC. MALAT1 expression was upregulated in MGC803/CDDP cells than that of MGC803 cells. The cisplatin resistance of MGC803 cells was markedly elevated after MALAT1 overexpression, indicating that MALAT1 regulates cisplatin resistance in GC. Besides, we found MALAT1 could regulate the expression level of Bcl-2, which may serve as an effector molecule in MALAT1-induced cisplatin resistance of GC. However, the specific mechanism of MALAT1 in regulating cisplatin resistance of GC still needs to be further investigated.
Conclusion
In conclusion, we demonstrated that MALAT1 is highly expressed in GC, high MALAT1 expression is an independent risk factor for OS among GC patients. Moreover, 
